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Astro]]lc(i-ic V],]]] olMcrvatioIIs  o f  r a d i o  stars arc lwi]l~  IIIadC to
col IIIcct  tlIc lli~j])arcos o])t)ical rcfcrc]icc fr[i]tlc  irIId tlIc cx(ragalactic
radio  rcfcrcllcc fralnc. ‘J’l  Ic alltcl]tl;is arc switcltcd lwtwrc]l a star al]d
a stro]i~, colul)aci rcfcrcttcc sour(m  a fmv dc.grccs  a w a y  CVCrY 2-3 ]niu-

utm. Afkr corrclatic)n, t h e  stm]lg rcfcretlcc SOUI-CC  friilgcs a r c  used
to dctcr]lli]lc tl)c cxac( d e l a y  and ra te  of  tlIc \Ycak rddio star frillgcs,
allowi]lg tlIc visil)ilitics to lw ]IIcasurcd a]ld collcrcllt,ly  i]ltcg,ratcd f o r
tlIc duratiml of tlIc cx])crilllc]lt, As a  resul t  accurate  iistroIl]ctrj.~  lIas
l)CCII ]xmsil~lc 011 radio stars wit]]  flux dcvjsitiw as low as 2 IIIJy.  All
f ive  as(ro]l]ctric ]Jaraluctcm (two ]Jositiol]s, tIYO l)ro])cr  rllotio]ls, aIId
OIIC ]mrallax) lIavc lwcu  ol)taiuccl  for  several  s(ars, “w’ItlI forllial er rors

a]ld  c]mclI-to c]mclI  res iduals  less  !Ilall  1 ]]lilliarcscco]ld.

1 lnlmduct)ion

‘J’cc.ll]]ical  a d v a n c e s  i]] Very lmlIg IIaseli]lc  I]ltc]fcrcJIllct]J’  (\~ljlll)  witlI
tlIc Mark-n] data acquisition systelu (I{ OGP:RS CL 01., 1983)  have ])rovidccl
suftic.ic]it-  sc]lsit,ivity  to rclial)ly  detect  ra(lic~-c~]l]itti]~g  stars over tlIc last  fcw
yca rs. ‘J’llc:rc arcatJol]t  400stars  tllatt~xllit  Jit radio  c]liissioll  asco]u])ilc(l l~y
WEINDK};I{ (]98’7).  About IIalf oft]]  c.scstarsexllibit  thmnal free-frccclnis-
sio]~ fro]]l very large ic)Ilized  c.ircu]IJstcllar  c] Ivclc)}xs  that, arc ful ly rcsolvd
l.)y VIJII1 okrvations. ‘J’hc otlicr  stars cxliil)it  ]Ion-thcrlna] radio cmissioll
(~~,C)S~I,C],,C)t,O,) , syncllrotroll,  co]lcrc]lt  e]nissic]n  ]nccha]lis]ns)  w i t h  ty])i-
cal source sizes of a fcw ]uillialcscco]lds (]nas)  or less. ‘1’lIc.sc  ]lc)]l-tllcr]nal
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ladi{~-clllittillg  stars lxlol  Ig to a wide variety of ]Jllysica]  classm, C..q. X-ray,

1{S CVII, AIF;oI,  dNc, 1~1< (;oII), ‘J’’l’auli.  llostc]ft  llcsestalsll:  i~’claclic)flllx
clcllsiticsofc)lll~~  a fcw lnilli  Jallsky  (I I~Jy) orlrss, i. C., 100-1000 tilncs WCIak CI
tlIan com]mc.t  ext]agalactic radio SOUICCS  u s u a l l y  olmIvd  I)y V],]]]. Nc\’-
crtlIclcss,  30  sl, ars c.a II lw dctectlcd l~y j)llasc-]cfclcllcccl  V],]]] olmvvatio]ls
a]Id this  II UIIIl)Cr  will grc)w lvitll  future’  il]l])rc)lrc,]!t{,]lts  of tlic tccll~lique.

\Vc lIavcsclcckd  1 1  ]a(lic)c ]l]ittill~;sta  rstvitll  Ilcl]ltli[’]]]]:11  clllissiorl  (7
1/S CVII, 2 X-ray aIId 2 l’rc-h4aill-Scc]l]c]lcc  stars) for Q IIi!,ll-accuracy  Vljll]
:1.strolnc’tric  lllollitorill~;  j) JogI, ral II ill suj)]mrt,  of tlIc IIi])]mrcm Inissio]l. ‘1’11(:

]llotivatio  Il of this  ])rogra  III is to II IcasuIc tlIc r ad io  ]mitio]ls  alId ])ro]x’r
IIloiiolls  o f  r ad io  s t a r s  Ivllicll  arc o])tically  l~rigllt cIIoufI,l I to l~c olwn’d
by tlIc IIil)])alcos satellite. ‘1’llis  will allow u s  lill!i  tllc futuw IIi])]mlcm
o])t,ical  rcfcrcllc,c  fralllc to all cxtlap,alactic.  quasi-  incltial  rcfcrcncc systcln
(], IWJ’RAIII)  c1 [//., 1992).

'l`llecc)llclcllc  c\tillJcli  llst:ill(lal(l\  ~l,lllislil]litc(l  tolcsstlIa  IIN 15111illutcs
at CCllt.illl  CtCl’ M’a\JC]Cllg,  t]l S ])y  t]lc illdc])clldcllt,  flcqucllcy  Stitll(l~~(]S  at (lIc!

diflcrmlt antcIIInas. CoIIscqIIcIItly, tlic olmrvcd  radio s o u r c e  Inust  IIaw a

f l u x  dcllsit)y  IIigll ctIouglI  t o  lw dctcctcd  du]i]l~  a si]]lila]  illtcp,l:ition  ti]llc.
At t]lc V],]]] ])1’OCUFTII, tllc clc)ss-co]](latic)]l  o f  tlIc rccordd signals lmds
to tllc ]I]easurc]nc]lt o f  tllc a]]l])litudc  illl(l  ])llasc o f  {110  colll])l(’x visihilily
i]lducd l)y tlIc Soure r  l~ri:,llt]]css  distril)ut,  io]l coII\olvcd  wit]l  tlIc lma II] of
tlIc allklllla ])air for (IIC dulation  of cac]l illtcglatioll  ]wliod.

\Vllel I a radio sourccis  so ivcak tllatit  callliot I)edclcctd  lvitllil]  a fcwr
millutcsl olIe IIastc)  resort  totllc ])llasc-lcf(’lc’llrill~  VI)]]] tccl})iiquc.  ‘1’liis  al-
lolI’slllllltil)  lcscallst  c)l,ecc)llll.,iIl(,(l  ill :isillgl(,  collcltllt,illt  cglatic)ll  ])criod,  as
w’c ]Iave dclnonstratcd  I)y our IIi])])alcc)s-lc’latccl  \~l,lll astrolllctric  ])rograln.
A  rcfc]c]lcc for tlIc Vl,lIl ])lIase IIIUSt l)CI cwtal)lislld l)y olwrvillg  a]} aIIgw
larly lIcarl)y stroll g[’xtla~;al[+ctic  so~lrc{:altc)tllatel~~  wit]] tllc~~rcak ])logralll
source  using a switc.lling tiIIlc of 2-3 lnillut,cs  (less than  tlIccollcrcl  Ice time).
Such a ])llase-rcfelc!ljcill:;  kc]lniquc  allows illcrca.d  sensitivity t] II OUg]I usc
of muc.11 lcjl IF;cr i]ltcgratio]l ti]nes (several  lIours)  wit]l lnillilnulrl  colIcIcIIcc
IOSS. ‘I’llis  stlatcgyals  c)alloJi’slli g;ll-acclllacy  differential astloll]etryljcca[lsc
tlIc ])lilnc  cIl}scrval)lcI  used is tllc Vl,l;  ] ])lIa.w. ‘1’lIc ])lla.se-lefcrc’llcillg  \~l,lll
tdllliquc  as :i])})licd  in our radio star ast,rol]]etry  ])rograln  is dcsc.ril)cd  in
ddai]  ill ]JIX+’J’I{AI)I;  C/ [//. (]ggo).



3 VIJ131 Obscrvatlions of t}hc ]{)adio  St,m c72Crll

02 CII1 is aII l~S C\~II C1 O S C  l)inary  wlIose oll)ita] lnotioll  IIas a ]wriod of
1.1 day aIId a scmill]ajor  axis of 0.3 IIIaS (]] AR1)l;N, 1 985). 1 ‘Ilas(’- l’t’f[’lcllccd
\I],]]] oljs~*,,aiioJ,s of 02

(;1’11 \$’c’I’c’  COllductd at 1  f? q)oclls  lwtwc’cll  h4ay

]987 aIId Aup;ust 1{)92. ‘1’lime CI1mclIs  arc listed ill ‘Jkl)lc  1.

‘1’AIII,II;  1 \~l,lll  ol)scI\@tioIls”  of 02 (:1”11 at 12 l’:])ochs

01X+1”. O]”l)ital  ])IIH! Pl(’qucllcy IJ]ux dcllsity
1 )atc! (cycle) (G]lz) (ll)Jy)

87/05/?6 0,56 .5.0 10
8 8 / 1 1 / 1 6 () ,{)3 5.(I 28
89 /04 /1  3 0.25 5.0 7
9 0 / 0 4 / ? 1 ().53 8.4 (i
9 0 / 1 1 / 1 6 0.37 5.0 3.s
9 1 / 0 4 / 1 2 0.86 8.4 19. L
9 1 / 0 9 / 1 4 0.53 5.0 4.3
92/01/15 0.88 8.4 4.6
92/04/05 ().{)(j 8.4 1s
92/04/22 0.’[6 8.4 6
92/06/0s ~y) 5.0 13
92/08/03 0.06 8.4 8.3

‘1’lIc total  dat)a illtcg,ratioll  tilllcs  \vcIrc l~ctlvecn  5 alId 8 lIou Is a t ,  cacll
c])ocl I. ‘1’l]c h4ark-111 Vl,ll]  data acquisitioli systcIn  was wed  to ICCOM1  a
‘I)alldwidtll  of 28 k411z  (l{ OGl:l{S (i 01., 1983); tllc c(~ll{’s])ollclilig;  dctcctio]l
till’mllol(l isalmutyln,  ]y (1(10). CJlc)ss-c(Jll(latio }loft]lcJ cc.ol(l(,c]” sig; llalswas

(’ill’ lid ollt  011 tll C? i’14a I’k- 111 Vl,ll]  }) IO CCSSO1’  at t.ill? ll~JTSta  Ck ol)S(ll”\J~t  O1’J].

‘J’11c5astlc)lllc’tlic]  )alalllc’t[:ls{jf  07(; ll] (2coordillatm,  ?])lc)])crltlc)tic)ll
coIn]wIIc IIts, aIId ]mral]ax)  WCIC cstimaled  I)y a lca.st  squ<iws  fit to tlIc 2 4
ccmrdillaks  lneasurcd  at, tlIc 12 C] JCJCIIS. ‘1’lIc uIiccrtailltics  of Illc Incasurcd
V],]]] cc)c)lclillatc~sli’clcsct  tc~0.21])a.s  to]llakc: tllclc(l~lcccl-~z  closctoullity
for tllc ]Iu Inl.KW of dq;mcs  of frcdoll]  ill tile fit (19).  ‘J’IIc wcip;llted  Ilnsof
tllc ]mst-fit Cc)oldillatc residuals is ().’2 lnas. Wit]l  SUCII  an adjllstlll(llt,tllc
fc]rlnal  ll~lc.cltaillticsf  oltllchfit(,ccl  ])alt(Il~{:t,clsa rc0.08111asf  c)rt,llcIelat,i~c
])ositiol]  lNtWPCII CJz Crll alid tllcIcfcrcIlccsc)lllce  1611-1343,0.04 ma. s/year
for the ])roper IIlc)tioli, aIId 0.08 IIIaS for tlIc t,rigollolnetric.  ]mrallax. ‘J’lIc!
correlat ion lnatrix  illdicakw that tlIc 5 ])aralnct,ers arc urcll sc])aratd.

‘J’lIc  IIUIIIIWI  of dcgrcw of frdoln  (19) is l]igll  cIIouglI  to I[lalic  tlIe s t a -
tistical sigllificallcc  of t,hc forlnal uncelt,ailitim  relial)lc. Various tests lIavc
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b(’ell IlltIdC  fO~ thC! rol~usi]l[’ss  o f  tlIc sollltio]i. Ollc’  t[’st IIas I)wll t o  m a k e

two sc])aratc  a.stroInetric  so]utiol}s, ollc wit]l tlIc first 6 C])oclis and olIc with
tlIc last  6 c]mcl)s  of obsclvations. ‘J’able 11 below indicat m t lIc ]Mramcter
difl”cl”c’llccs bctu’cell t!hc! t\vcl Solutions.

l’alalnckl l)ifl’crcllccs ~ ,  {0;.1  *;

‘A o -10.18 IIlas 1.00
Ah - ().32 IIlas 1 .5(7
Ap,t -10.02 mas/yr ().?0
Alli  -0.14 ll)as/yr 1.50
An 0.01 II)a,< 0.10

4 lmplicatjiOns  fen’ l’lands Orbiting 02Crl]

‘J’hc lack of a s inusoida l  sip,]  latu]c  i] I tlIc  ])ost-fit  coodiliaim wsidua]s
s e t s  a lilllit, OII tlIc ])mscvIcc  of ])lal Icts aroul Id oz (k]].  ‘1’11(’ rlns of tllcs(!
]mst,-fit  r e s i d u a l s  ( 0 . 2  ]]las)  CaII Iw takcll 21s all  u])})cr li]llit  olI ;il Iy systclnatic
dqMr Lure I froln litlcar lilotioll  for tlIcI stal. IIitcwstill:,ly, tlIc ])rcscnt acc IIracy
o f  our VJJII1  lncasurc]nclli  colrcs])olIds exactly to tlic dctcctioll  tlIrcsllold
for ii .lu])itcr-]ikc  ])laIIct  iImuIId o 2  (h’11  W’11(’11 12 yc’ars o f  data IIaw lm’11
Coll(’c.td  .

‘] ’])isillter])l’c!tatic)ll  isc)])tilllisticsil  )cc ]) I,ACK ANI) SCARGI,l} (1982) l,ot(!
tllattllc:tl  lc:fittccl lillI)ar ])l()])c~r]  llc)tic]lla l)sc)ll)s]) a]tc)ftll  c!])lallct:ily  ])clt[ll-
I)ation. 'l'llcsc  a[]tllc)rss  llo\\'t  llat\i'itllc]l  )sc']\J;itio]lss2  lll]])li]lg:isil  l~,lco]l)ital

])eriod,  tllca  I]]])  littlclcc  }ftllc])la]lctaIJ~  ]wrtu]ljatiojl  isl]]ltlr]csti]liatecl  Iyas

]IIuch  as 4 7 % .  IImvcvcr, if tlIc classical  mode]  (I)c)sitiorl,  ])ro])cr  Iliotioll  a]ld

trigo]lo]nctric  p a r a l l a x )  i s  co]]l])lci]llc]lt(’cl  by a  s i n u s o i d a l  fu]ictio]l  and tllc

o priori value.s for the aln})litudej  ]wriod and ])lIMQ cl IoscII  to cover a larp,c
VOIUIIIC of the ])aramcter  s])acc, 110 alxmr])tioll  of Lhc ])la Iletary pcrtu  Il)ation
would occur aIld tlIc 3 additio]lal  ]mralllctcrs  call  IW fitted.

‘1’llc  lc)catioll  alId stal)ility  of tile radio cc’litmid  witlii]l  tltc s]mrtroco])ic
billaryisacruc.ial  qucstiol]. ‘J’llc’rcislloclc’tailc(l  ltlo(lc>l  oftllcra  (lioc’l)littill~,
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legion  that  can tw used to CICIiVC t]ljs st,aljj]ity. I tj  ]Ilust  lW dder]]li]ld

c)l>sc]~’atio]l:illy  aIId  tile  ]]IIs o f  c)ur  ]KIst-fit  c o o r d i n a t e  r e s i d u a l s  (0.2 IIIaS

or 1 ll’C)  at OZ (h]])  call  also Im ilitcr])rctcd  as a Incwsurc of this s tabi l i ty .
If  tlIc radio clnissioll  is coillcidcllt  w’it]l  OIIC of tlIc s t a r s  as cx]jcctcdl tllcll
tltc astmll-lctric crroI  illducd Ly its lnotio[l  arou IId ihc ot]icr s t a r  could be

Imlucc(l dralnatica]ly  by solvill~ for tlIc l)illaly  lnotio]l. 14’c IIavc  coIIfirmd

that  tlIc radio cll]issioll  is illdccd  associated with a sil)glc  star ill tlIc Algo]
systcm (], I:STl{Al)l; [/ 0/., ] gg~).

As a by- ])roduct of our 11 i})l)al-cos ])rogra III, wc ]iavc  dcllio]lstratd  tliat

])hase rcfcm]lccd  V],]]]  o]wrl’atio]ls  of (lIc radio star oz (; Ill can acllicvc alI
astrolllctric  ])lc’cisioll  of ().2 IIlas (Imst,-fit  ]msitio]l  residuals). Si[nilar  ICSU](S

lIavc l)w]I c)l.)taillcd  for tllc otlIcr st;iIs  of our IIi])ljarcos  ]jIop,raIII  l)IIt Jvitll
iIII astrolnctric ]jrccisioll  3  to 5 t,iltlcs  largcro ‘1’lIc  Imt result  is for Oz (jr]]
l~rcausc  tllc angular  scl)aralioll  l)ctIrwII this staI slid tlIc wfcrcllcc  SOUICC

ud is tlIc smallmt  (().50).
‘]’]Ic t]lcor{:tic.al  a,strolllctIjc.  ])rcc.isioll  (SIN]{-  ]illlit,c(l)  for ])lIasc: Iefrrcltccd

illtelf(!l[)It)c’tlJ~  is

( 1 )

(’~’l10h41’SoN, MORAN slid  SWNNSON,  1986). l~oI CIUI ol)scrvatiol)s,  oti,t  i s
< 26 lllic]’c):~rcsccol~(ls  Ji’itll  IJ : 3 0 0 0  kIII, A T 3.6 CIII, a~ld SN1{ > 15.

‘J’lIc  astrolnctric.  l)lccisioll  acllicvcd  for o? Crl]  is scvcra]  times tllc SNl{-
lilnitrd  ])recisioll  calculatd  al~ovc. ‘1’lICIC  aw at lwist four systclt]atic  error
s o u r c e s  that  ])rcvcnt,  CIIIr CIIt olwcr\?atiolls  floIo rcachill~  t,llis  ultilnatc  ])rc-

[iSi[)ll:  ] )  t]l C’ (’Xtla])O]atiCJll  Of t]lC’ I’(!fC’l’CllCC SOUI”(C \~],]]] ])]las~  ill ]) Calll-

s\vitclld Ol)scrvatiolls  to tllc tilnc  of tile star olwrvatioll,  2) (lIC  difl’crelltial

colltril)utioll  of tlIc at II Ios]JII(Ire  and iollos])]lcrc  along tllc lillcs  of sight to
tllc lcfcrmlcc sou lcc and target star, 3 )  Ll]c radio  IIIoIJ)hology c)f tl)e  rcf-
crcIIc.c  source aIld, ]mssil)ly,  of IIICI star, and  4) tlIc orl)ital lnotion of thcM
sul~giallt  star (in I)illaly systcl]ls). IJurillg  tllc IIcxt 1-2 years,  lvc illtclld to
study tlIc Ixwt a])l)Ioac]l  to ducillg  t]lcsc systeInat,ic. crrols.  Our c.urrcnt ef-
fork illcludc  faster alltclilla switcliil]g,  ilI]])Iovcxl ic~nos])llcrc  aIId tro])osl)lIere
lnodc]s, filldillg closer wfcrcllcc sources, lna])l)illg rcfcrcl]cc  source structure,
alId tlIe inclusion of oll)it,a]  IIlotiolls  iIl c)ur astrol  Ilctric fits.
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6 summary
owl’ tllc  llcxt t~iro y(’al’s,  W’c’ ])lall to 11s(!  O1lC St:il”, 02 (:1’11,  as a t e s t ) - l ) d

to red ucc  tllc })rcscl)t systcIIJatic e r r o r s  ill our astrolllctlic  II IcasurcIIIcI)ts

and, ])ossihly,  rcacl I the ShTl{-lilllitcd  ]) Iccisioli  of 20-30 ]l~icIoaIcsccc)]lcls  011

lJScoI~tillcllital  Iww]incs.  ‘J’IIc mlsitivc  lkcp  S]mcc Ndwork  ‘i’()-m a]lte]lna

at CJoldstoIIe  alo])g  v.’itii tlIc  co]lt.i]lc]ltal  IJ,S VI, IIA aIIt CIIIIaS  w i l l  })mvidc a

rclatiwly collt)illuous  IaIIg  C of I)asdillcs froln 1000 to 4000” liIII  which cor-

IwpoIId  e x a c t l y  to t h e  angular  wsolutioll  mqui]cd  fo] tlIc  1{S C\TII  r a d i o

staw wc olwwrvc. II) addition, fut, urc iIll])Ic)]~[Jll)cIlts  ill scllsitilrit,y  (IUC to I]IC
collstructio]l  o f  tlIc C;wclI IIallk ‘Jklmco]m  aIId t lIc (Icl’c’lc)])lllcllt  of widcl
Im]ldwidt,ll  data Iccordillg  systeIIIs  (c. f/. MaI!-l\~)  w i l l  a l l o w  a  lIluclI  laIF,cr

saIII])lc  of radio stars (a IIcl otl]cr weak radio  SO UICCS) to bc olwr~’cd routinely
wit]!  \~ljlll.
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